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Hadron Absorber Complex
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Introduction: Hadron Absorber
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• The configuration of the Absorber is determined through

an iterative process between the engineering design,

radiological safety, MARS modeling, and the beamline

groups.

• Designed for the optimized beam condition (Dune-doc-

294):

• Energy deposition in the Absorber and radiological

parameters are determined by MARS. They are a function

of the type of Target used in the Target Hall.

Proton beam 

energy (Gev)

Protons per 

cycle

Cycle time 

(Sec)

Beam power 

(MW)

120 1.5E+14 1.2 2.40
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LBNF Absorber Mechanical Design

Core blocks

Concrete

Steel shielding

Core block-
Module 
assembly

Concrete
blocks

Hadron
monitor

Morgue

The Long-Baseline Neutrino Facility (LBNF) Hadron Absorber is located downstream of the decay 

pipe. It consists of actively cooled aluminum and steel blocks surrounded by steel and concrete 
shielding. The absorber provides radiation protection to personnel and keeps soil and ground 
activation levels below allowable limits. It is designed for 2.4 MW beam operations. The total heat 
load deposited into the absorber is approximately 700 kW with 1.00 meter NUMI target, 477kW 
with 1.50 meter RAL target, 400kW with 2.00 meter NUMI target.

6/25/2020
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LBNF Absorber (Previous Design)



6/25/2020LBNF Hadron Absorber  Mechanical Design7

`

The water cooled absorber core is the major part of the absorber. 
The absorber core includes: The Aluminum Spoiler, four Aluminum Masks, thirteen 

Aluminum blocks and four Steel blocks. Five millimeters gap between two neighbor core 

blocks is made during installation.

Core blocks dimensions: Spoiler 79”Wx 77”H x12”Th.; Mask: 77”/79Wx77”Hx12”Th. 

Aluminum and Steel blocks 67”/69W; 67”H; 12”Th.

Air
box

Spoiler

Masks Aluminum core blocks Steel 
blocks

LBNF Absorber Core (Current Design)



Absorber core
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• Material: 6061-T6 

Aluminum

• Quantity: 1

• Dimensions: 79”W X 

77”H X 12”

• Cooling lines: 4

• Weight: 7150 lb

• Material: 6061-T6 

Aluminum

• Quantity: 4

• Dimensions: 77”-79”W X 

77”H X 12”

• Cooling lines: 2

• Weight: 2800 lb

• Material: A36 steel 

• Quantity: 4

• Dimensions: 67”-69”W X 

67”H X 12”

• Cooling lines: 2. No gun-

drilled internal channels

• Weight: 15,550 lb

• Material: 6061-T6 

Aluminum

• Quantity: 13

• Dimensions: 67”-69”W X 

67”H X 12”

• Cooling lines: 4

• Weight: 5180 lb

Spoiler Mask Al core Steel core

Absorber core is water cooled. All Aluminum blocks have

gun-drilled cooling lines:
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The air box is designed to keep most of the radioactive air inside the box. It has air pressure 
equalization holes. The air box is located in the front of the absorber core blocks. Air box 
dimensions: 77”Wx77”Hx12”

Thickness-0.05”

Al channel

Air box



6/25/2020LBNF Hadron Absorber  Mechanical Design10

The air box is attached to the steel module. The air box can be easy replaced 
with a core block.

Module

Air box

Air box module assembly
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The spoiler size 79”x77”x12” and the same design as the core blocks. 

77”

79”

Spoiler
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Module

Tubes 
shielding

Removable
Shielding

Spoiler

159.75”

Absorber spoiler module assembly
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The mask blocks are made from aluminum, dimensions 77”-79”Wx77”Hx12”.
The hole 67” diameter is located on the center of the block. The hole is covered with 
two thin 1/16”disks to keep the radioactive air inside the mask.

67”

1/16” disk
Water loop

Tack weld

Mask block
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Two water loops are drilled in the mask block.

Water loops

1/16” disk

ElbowPlug

Plug

Mask block cross-section
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Absorber mask-module assembly

Module

Mask

Disk
77-79”

77”

164max

83.5”
Removable
block

Water 
line
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The four water lines are drilled in the absorber aluminum  core block and plugged by Al rods 
creating water loops. Three holes are drilled through the inlet and outlet ports for loops 
connection. Two elbows are welded to the block ports and connected to the manifold with pipes.

Core block

67”-69”Wx67”Hx12”

Elbow

Loop
24”x24”

Loop
32”x32”

Pipe

Port drilled holes

Plug

Aluminum core block
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Absorber Al core block –module assembly

Module

Core Block
67-69”

67”

Tubes 
shielding

176” max

Water line

Removable
Shielding
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The steel core block has the same size as Al core block, 67”-69”W X 67”H X 12”
”.  Groves on both sides of the block are machined for the water cooling tubes.

Machined grove

Steel core block
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The water line is banded and welded from 1” pipe. The water line is covered and 
pressed to the block by ring and holding plate.

RingPlate

Water
line

Steel core block module assembly
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About 6 million pounds of steel are used in the absorber shielding. The most of shielding is made 
from 9.11 steel. Only the center module supporting blocks are made from 12” A36 steel. 

9.11”

9.11”

9.11”

Water 
collecting pan

Air 
channels

12”blocks

Steel shielding design
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Steel shielding layer
The steel shielding is installed in the absorber by layers starting from upstream end 
of the absorber. 6”x4” spacers are welded to one side of the layer. Module support 
pads are bolted to the support blocks.

Pads

Spacers

Module

Core block

Steel shielding layer
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Absorber 
location

Decay
pipe

Penetration

Absorber hall



693.33

367.48”

662.75

367”

288”

18”

18.23”

36”

Absorber concrete bunker

90”

96”

4x4 angle

41.25

V. Sidorov / LBNF Hadron Absorber Plan for Final Design, Procurement and Assembly
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Steel strips are embedded into the concrete for the steel shielding welding. 
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Side plates are welded to 
the penetrated into the 
concrete steel strips. The 
pan is normally dry. It will 
fill up only when there is a 
leak in the water cooled 
components

Weld

Steel
strip

The pan is welded from the 
48”x120”x ¼” stainless steel 
base plates and side plates 24 
“ height and 1/8” thickness. 
The final weld of the pan is 
made in the absorber hall.

Radioactive water collecting pan

286”258”234”

6/25/2020
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Support blocks

Support blocks Air channels

Air channels

Rods

Steel 12”x12” blocks 10-113.5” long are installed on the stainless steel pan and joined together 
with steel rods. Blocks are not welded to the pan. The distance between block is eight inches.

6/25/2020

Support blocks-air channels



Absorber core cooling
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• The core of the absorber is water cooled.

• The cooling is provided by the LBNF Absorber RAW 

Cooling system. This is an ASME B31.3 Normal Fluid 

Service as per FESHM 5031.1.

• Preliminary design done for this system: DUNE-doc-

17876.

Abhishek Deshpande, Dune-doc-17876



Absorber core cooling
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• Requirement of the system is to provide temperature regulated DI 

water to the core.

• Maintain an average velocity of 5-7 ft/s in all the gun-drilled cooling 

channels in core components.

• Minimum flow requirement for Absorber core components:



Absorber core cooling: System layout
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Supply and return lines

Absorber below shielding

Non-RAW lines headed to 

surface chiller



Absorber core cooling: System layout
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• All piping parts and materials have been used without any failures 

on NuMI RAW systems since 2007.

• 304L SS flanged connections to 6061-T6 flanged connections exist 

in the NuMI Absorber hall. Worked well since 2007. 

Piping layout in LBNF Absorber Hall

Core
block

Module

Water
line

Manifold



Steel shielding cooling
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• Surrounding steel is air cooled.

• An air cooling system, designed by CF, delivers 25,000 CFM of air 

which blows in on top of the absorber blocks and passes through the 

5-mm gaps between the blocks. Collects in the air channels at the 

bottom and enters the return duct at the back of the Absorber.

Absorber

Inlet ducts

CF design review, Dune-doc-18427

Air handling unit

Outlet duct



6/25/2020LBNF Hadron Absorber  Mechanical Design31

Absorber components and air flow

Air delivery holes
9”x48”

Water manifold

Water tubes

Steel shielding

Concrete
shielding

Modules support
structure

Core block modules

Concrete 
T-blocks
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Absorber components and air flow
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Absorber components and air flow

G-blocks on top sealed with caulk (Current NuMI scheme) 

prevents the air from escaping from the top
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Air

Air

Absorber components and air flow



Air cooling ducts location

Supply lineReturn line
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Air cooling ducts location

Inlet duct

Inlet duct 
48”x9”

Outlet duct
48”x36”
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Inlet duct
48”x18”

Inlet 
duct 48”x18”



Core block prototype and weld samples
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• The Absorber will have 6061-T6 Al core blocks.

• The size of these blocks are bigger than the Aluminum 

core blocks manufactured for

• the NuMI Absorber (51” x 51” x 12”).

• Also, the gun-drilled cooling channels in the spoiler and 

the core blocks are more complex than those done for the 

NuMI blocks. 

• Thus, the prototype was built to understand the 

manufacturing, testing, and qualification processes 

involved. These will be adapted during the fabrication of 

the actual Aluminum blocks for the Absorber.



Core block prototype and weld samples
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• The core block was built to the following specification:

• ED0007988--LBNF Aluminum Absorber Core Block 

Prototype, Rev. B.

• Specification was developed with Target Systems 

Department engineers who have experience with Aluminum 

components.

• Specification included heat treatment in accordance with 

AMS 2772E: Heat Treatment of Aluminum Alloy Raw 

Materials using a polymer quench before machining 

operations.

• The core block was ultrasonically inspected and qualified in 

accordance with ASTM B-594 Class A.



Core block prototype and weld samples
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Gun-drilled 

channels openings. 

Not plugged yet. 

Weld detail needs to 

be machined here

• 67” X 67” X 12” Al core block manufactured at Magna Machine, Inc in Ohio

• Material: 6061-T6 Aluminum

• Dimensions: 67”W X 67”H X 12”

• Cooling lines: 4

• Weight: 5180 lb



Core block prototype and weld samples
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• Welding of the cooling lines to the Al blocks will be done at 

Fermilab.

• Weld samples were made and tested to come up with a weld joint 

that would last the operational life of the Absorber—capable of 

passing most stringent Al weld qualifying specifications.

• Following document was used to generate WPS, PQR, and WPQ 

for the weld joints that were tested:

*Note that these PQRs are not ASME, AWS qualified documents. They were made purely to keep 

track of how each sample was welded



Core block prototype and weld samples
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The weld samples were tested as per NAS1514 Class I.  

Scraped part
Welded samples

Part drawing

Radiography/CT-scans

Radiography reports

Cut Samples
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Core blocks remote handling

Morgue

Two sections of the morgue can be occupied by four absorber core blocks with 
modules and middle section is for hadron monitor localization.

6/25/2020

Steel block 
module
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Absorber morgue dimensions

17.4950

104.0000

13.5050

282.0000

18.0000 4.0000

290.0000

104.0000

83.0000

1.0000

182.0000

4.0000

288.0000
72.0000

73.0000

Mask module
Core block
module

G- concrete block

6/25/2020



Absorber Morgue

28”
282”

Angle4x4

Support I beam
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Hadron Monitor

Chain drive
mechanism

Hadron
monitor

The Hadron Monitor is installed in the front of the absorber core blocks. The NUMI Hadron
Monitor design  removable from the beam is used  in this presentation.

6/25/2020



Hadron Monitor inside shielding block

Absorber
core

Hadron
Monitor

Chain drive 
mechanism

Shielding 
block

Concrete G-blocks

Steel
shielding

Concrete
Block -C
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Hadron Monitor Remote Handling

Remote 
handling 
Facility

Coffin

Transfer 
Cart

Hadron 
Monitor
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NUMI Hadron MonitorNUMI HM replacing fixture
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NUMI Hadron Monitor Installation
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Conclusions
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• The design of the absorber for the most conservative case, 2.4 

MW beam and 1.5-m RAL Target, is well understood.

• The Absorber has been looked at as a system, that is, its core in 

combination with the surrounding steel shielding, the SS pan, the 

two cooling systems, and the remote handling systems were all 

assessed together.

• Operational experience, good engineering practices, and FESHM 

standards have been used to pick appropriate materials and 

designs.

• Prototyping of the critical components has also been done to 

understand fabrication challenges.

• 3 out of the 4 weld samples made after following all the 

procedures passed the weld qualification.


